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ABSTRACT
We established a sensitive non-radioactive in situ
hybridization(ISH)methodforthedetectionofchickenIgG
g-chainmRNAinparaffinsections.RNAprobeswere
transcribedinvitrofromclonedchickenIgGCH1nucleotide
sequenceswithSP6/T7RNApolymerasesinthepresenceof
DIG-UTP.Theseprobeswereusedforhybridizationand
wereimmunodetectedusinganti-DIGantibodiesconjugated
tohorseradishperoxidase.Theimmunoreactiveproducts
werevisualizedwithDAB-H2O2.IgGg-chainmRNA-
expressingcellswerelocalizedinboththespleenand
oviductaltissues.Thismethoddemonstratedanexcellent
sensitivitysincetheISHsignalwasclearandthe
backgroundwasnegligible.WefoundthatinthespleenIgG
g-chainmRNA-expressingcellswerepresentmainlyinthe
redpulp,whereasintheoviducttheyappearedmainlyinthe
mucosalstromaandnotinthemucosalepithelium.
INTRODUCTION
Insituhybridization(ISH)isaneffectiveapproachforthe
localizationofgeneexpressionatthecytologicallevel.Itis
anelegantsynthesisofmolecularbiologyandhistology.The
principleofISHisthespecificannealingofalabeledprobe
tocomplementarysequencesoftargetnucleicacidsina
fixedspecimen,followedbydetectionandvisualizationof
nucleicacidhybridswithcytologicalmethods(1).Inastudy
oflocalimmunityinthechickenoviduct,wefoundthatIgG-
positivecellswerepresentinboththemucosalepithelium
andstroma(2).WethenexaminedwhethertheIgG-positive
cellsinboththemucosalepitheliumandthestromaproduce
IgG.Toanswerthisquestion,weconductedISHto
investigatethegeneexpressionusingRNAprobesthatwere
specifictotheIgGg-chainCH1sequence.Theresults
indicatedthatIgGg-chainmRNA-expressingcellswere
presentonlyinthemucosalstroma,andnotinthemucosal
epithelium(3).Theprotocolweusedwashighlyeffectiveand
convenient.AlthoughtherearemanydescriptionsofISH
methodsandprotocols(1),noprotocolisuniversally
sensitiveandefficient,duetothehugescopeoftargetnucleic
acidsandwidevarianceoftissuetypes.NoISHprotocolfor
thedetectionofchickenIgGmRNAexpressionis
established.Herewepresentourmethodindetailanddiscuss
itsfeaturestoallowotherstouseiteffectively.
MATERIALSANDMETHODS
Preparationoftissuesamples
Tissuesamplesusedinthisexperimentwerecollectedfrom
WhiteLeghornlayinghens(57 weeksold). After
decapitation,thespleenandsmallpieces(about10mmlong)
oftheoviductwerequicklyexcisedandwashedbrieflyin
PBSandfixedinnewly-prepared4%(w/v)paraformaldehyde
inPBSat4°Cfor4h.Thenthetissuesamplesweretrimmed
tosmalltissueblocks(3-5mmlong),putintoplastictissue
cassettesandfixedagainat4°Cinthesamefixativefor
another20h.Thetissuesweredehydratedwithagraded
seriesofethanol(70%,12h;80%,6h;90%,6h;absolute-I,
2h;absolute-II,12h),clearedinxylene[creosote-xylene
(1:4),0.5h;xylene-I,0.5h;xylene-II,0.5h],infiltratedwith
paraffin(2times,2heach),andembeddedinparaffinwax.
Sections,6µmthick,wereair-driedon3-aminopropyl
triethoxysilane-coatedglassslides(4).Allhandlingoftissues
andsectionswasperformedunderRNase-freeconditions.
InSituHybridization
PreparationofriboprobesChickenIgGCH1DNA
fragments(5)wereobtainedasthePCRproduct.Briefly,total
RNAwasisolatedfromchicken(WhiteLeghornH-B15)
spleniccellsusingISOGEN-LS(Takara,Tokyo,Japan).Poly
(A)+RNAwaspurifiedfromtotalRNAusingOligotex-dT30
(NipponRoche,Tokyo,Japan).Thepoly(A)+RNAwas
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reverse-transcribedusingtheSuperScriptpreamplification
system(GIBCO-BRL,MD,USA),accordingtothe
manufacturer'sinstructions.ThecDNAwasextractedand
PCRamplificationwascarriedoutusingAmpliTaq-Gold
DNApolymerase(PerkinElmer,NJ,USA)andthe
followingprimers,AG1:GACGAAGCTTTTCCTCTTCT
andGS1:CCCGATTGTACCCTCTATCG(18-217inCH1
domain).PCRwasperformedinaProgramtempcontrol
systemPC-700thermalcycler(ASTECInc.,Fukuoka,
Japan).PCRproductswereligatedtothePGEM-Teasy
vector(Promega,WI,USA)accordingtothemanufacturer's
instructions.ThecDNAinsertwassequencedbyan
automatedAppliedBiosystemsModel373Asequencing
systemusingadyeterminatorsequencingkit(Amersham
PharmaciaBiotech,NJ,USA).Theresultingnucleotide
sequencewasexactlythesameasreportedbyParvarietal.
(1988)(seeFig.1).Antisenseandsenseriboprobeslabeled
withdigoxigeninwerepreparedbyusingaDIGRNA
labelingkit(SP6/T7)(BoehringerMannheimCo.IN,USA)
accordingtothemanufacturer'sinstructions.Probeswere
storedinTEbuffer(10mMTris-HCl,1mMEDTA,pH7.4)
andusedwithintwomonths.
GACGAAGCTTTTCCTCTTCTCGCCGGGGCT
30
GAGGCGGACGAAGCTGAGCTTCACGGGGGT
60
CCCCGAAACTCTGCCGGCCACCGCCGTACC
90
TCCGGAGCCCTCCCAGGAGATGCCGCCGGC
120
GGACGAAGGGGACAACAGGCAGCCCACGGC
150
CGGCGGGACAGCCGAGTCGGAACAACAGGC
180
GGATAGAGGGTACAATCGGG
200
Fig.1SequenceofchickenIgGcDNAusedinthisstudy
Insituhybridizationprocedure.Allstepspriortoand
duringhybridizationwereconductedunderRNase-free
conditions.Sectionsweredeparaffinizedwithxylene(5min
X3times),andrehydratedthroughdescendingethanol
concentrations[100%(5minX3times),90%,80%,70%
and50%(5mineach)andPBS(10min).Thesectionswere
treatedwithproteinaseK,2µg/mlinPBS,pH7.4atroom
temperature(RT,about20°C)for15min.Theslideswere
thenimmersedin0.2%(w/v)glycineinPBS(10min)and
PBS(3minX2times).Thesectionswereacetylatedfor20
minwith0.25%(v/v)aceticanhydridein0.1M
triethanolamine(TEA),pH8.0andtheslideswerewashed
twicein4XSSC(10mineach).The1XSSCsolution
consistedof0.15Msodiumchlorideand0.015Mtrisodium
citrate.Followingincubationwith50%(v/v)deioned
formamide/2XSSCsolutionat42°Cfor30min,thesections
wereincubatedwithhybridizationsolutionwhichcontained
approximately 0.5 µg/ml DIG-labelled probes in
hybridizationbuffer(50%deionedformamide,10%(w/v)
dextransulfate,1XDenhardt'ssolutionand200µg/mltRNA
in0.6MNaCl;10mMTris-HCl,pH7.4;1mMEDTA,
pH8.0).Oneachslide100µlhybridizationsolutionwere
applied.Slideswerethenincubatedinahumidifiedchamber
at42°Cfor16h.
Afterhybridization,slidesweresequentiallywashedwith
50%(v/v)formamide/2XSSCat42°C(20minX3times)
andNTEbuffer(0.5MNaCl,10mMTris-HCl,1mM
EDTA,pH8.0)at37°C(5min).Thensectionsweretreated
withRNaseA,20µg/ml,inNTEbufferat37°Cfor30min,
followedbywashingwithNTEbufferat37°Cfor5min,and
with0.1XSSCat42°C(20minX3times).
Afterwashingwithbuffer1(0.1MTris,0.15MNaCl,pH
7.5)atRTfor1min,theslideswereincubatedwith5%(w/v)
blockingreagent(BoehringerMannheimGmbH,Germany)
inbuffer1atRTfor30min.Thentheslideswereincubated
inahumidifiedchamberovernightat4°Cwithsheepanti-
DIGantibodyconjugatedwithhorseradishperoxidase
(BoehringerMannheimGmbH,Germany),dilutedto1:100in
buffer1containing1%blockingreagent.Slideswerethen
washedwithbuffer1(15minX2times)andPBS(5min)at
RT.Finally,theimmunoreactionswerevisualizedby
incubatingthesectionswithaDAB-H2O2 solution[0.02%
(w/v)3,3'-diaminobenzidinetetrahydrochloride(DAB)and
0.005%(v/v)H2O2 in0.05MTris-HClbuffer,pH7.6]for30-
60min.Slideswerecounterstainedwithhaematoxylin,
dehydratedwithalcohol,clearedwithxyleneandcovered
withacoverslipbeforeobservation.
Negativecontrolswereconductedbythesubstitutionofsense
foranti-senseprobesorbytheomissionofanti-senseprobes
inthehybridizationsolution.Thesectionswereobserved
underalightmicroscopewithaVictorTK-1270RGBcolor
videocamera(Victor,Tokyo)andacomputersystemImage-
ProPlus3.01(MediaCybernetics
TM,Maryland,USA).
RESULTSANDDISCUSSION
ExpressionofIgGg-chainmRNAwasclearlydetectedinall
thesectionshybridizedwiththeanti-senseprobes(Fig.2a,c,
andd),butnotinthesectionshybridizedwithsenseprobes
(Fig.2b),norinthesectionsincubatedwithnoprobes(data
notshown).TheseIgGmRNA-expressingcellsareroundor
ovalinshape(Fig.2c).Almostnobackground(non-specific)
stainingwasobservedinanyofthesections,suggestingthat
thecurrentprocedureisusefultodetectspecificallychicken
IgGg-chainmRNA.Zhengetal. 3
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Fig.2.SectionsofchickenoviductandspleenhybridizedwithIgGg-chainprobes.ArrowsindicateexamplesofIgGg-chain
mRNA-expressingcells.E:mucosalepithelium;L:lumenofoviduct;S:mucosalstroma;SST:spermstoragetubules;R:red
pulp;W:whitepulp.Scalebarsrepresent50µm.(a)Lowmagnificationviewoftheoviductaluterovaginaljunction(UVJ)
afterhybridizationwithIgGg-chainanti-senseprobes.(b)LowmagnificationviewofUVJafterhybridizationwithIgGg-
chainsenseprobes.(c)HighermagnificationviewofUVJafterhybridizationwithIgGg-chainanti-senseprobes.(d)Higher
magnificationviewofthespleenafterhybridizationwithIgGg-chainanti-senseprobes.
Generally,theISHprotocolusedinthisstudyconsistedof
fivesteps,whichwere(a)thepreparationofprobes,(b)
preparationoftissuesections,(c)pretreatmentoftissue
sectionstoincreasetheaccessibilityofprobestog-chain
mRNA,(d)hybridizationofprobestothetissueand
posthybridizationwashes,and(e)detectionandvisualization
ofthenucleicacidhybrids.WeusedRNAprobestoIgGg-
chainmRNA.Althoughthreetypesofprobes,DNA,RNA
andoligonucleotideprobes,aregenerallyusedinISH,RNA
probesarethebestandmostsensitivefordetectingmRNA
transcriptsbecauseofthehighthermalstabilityoftheRNA-
RNAhybrids(1,6).Furthermore,inthisstudyweused
digoxigeninforthelabelingofRNAprobes,since
digoxigeninisahaptenfromplantandnotanimalcells,
unlikebiotinwhichispresentinanimalcellsandwhich
interfereswiththedetectionofbiotin-labeledprobes(7).At
present,highqualityantibodies(sheepanti-DIGFab
fragmentconjugatedwithhorseradishperoxidaseoralkaline
phosphatase) are commercially available (Boehringer
MannheimGmbH,Mannheim,Germany).Allthesefeatures
ofourmethodswouldhavecontributedtothehighly
sensitivedetectionofspecificIgGg-chainmRNA-
expressingcells.
Inthisstudyweusedfreshlyprepared4%PFAtofixthe
spleenandoviducttissuesimmediatelyafterdissection.The
natureofthefixative,itsconcentrationandthefixationtime
affectISHresults(1,6).Ithasbeenreportedthatcross-
linkingfixatives(aldehydes)leadtogreaterretentionof
RNAintissuesthandoprecipitatingfixatives(alcoholand
acetone)(1).Fixativeconcentrationandfixationtimemust
beoptimizedtoachieveabetterretentionofRNA,idealZhengetal. 4
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accessibilityofthetargetnucleicacidsandproper
conservationoftissuemorphology.Generallyparaffin
sectionsprovidebettercytologicalresolutionthanfrozen
sections.Theglassslidesmustbeproperlycoatedwith
silane(4)andthetissuesectionsmustbefullydried(at40°C
overnight)ontheslidestoprovideoptimaladhesionof
tissuesectionsandpreventtissuelossduringtheentire
process,especiallyduringthelongandstringentwashes.
Thepurposeoftheprehybridizationtreatmentistoincrease
theaccessibilityofthetargetnucleicacidswhilereducing
theISHbackground.Themainprehybridizationtreatment
stepsusedinthisstudyweredeproteinationandacetylation.
WetriedproteinaseK(PK)fordeproteinationatdifferent
concentrations(1µg,2µg,10µg/ml),differenttemperatures
(RTor37°C),andfordifferenttimes(5,10,15and20min).
WefoundthattreatmentofthetissueswithPKat2µg/ml,
RTfor15minproducedidealresultsbasedonboththe
signaldensityandthetissuemorphology.Wealsoobserved
thatunderdigestionreducedISHsignalsandoverdigestion
causedthelossofmorphologicaldetails(orevenlossof
tissuesectionsfromtheglassslideduringISH),asreported
byotherresearchers(8,9).Itwasreportedthatacetylationof
tissuesectionsstronglyincreasedspecificISHsignals
comparedtonon-acetylatedsections(6).Baumgartetal.
alsoshowedthatacetylationoftissuesectionscouldreduce
thebackgroundhybridization(1).Ourresultspresentedhere
supporttheirobservations.Furthermore,wehavefoundthat
acetylationcouldalsoeffectivelyimprovetheISHsignals
whenusingPCRgenerated(DNA)probes(unpublished
data).
Hybridizationmustbecarriedoutunderconditionswhich
arefavorablefortheannealingoftheprobetoitstarget
nucleicacid,andunfavorablefornon-specificannealing.
Severalfactorsaffectthestabilityofthehybridsformed.As
mentionedbefore,RNA-RNAhybridsformedbetweenRNA
probesandtargetRNAarethemoststabletypeofnucleic
acidhybrids.Inaddition,theRNAprobesusedinthisstudy
were200baseslongandtheirGCcontentwas68%(Fig.1).
Thesecharacteristicsoftheprobeswouldcontributetothe
increaseintheaccessibilityofprobesandthestabilityofthe
hybrids.Weusedmoderatehybridizationtemperature
(42°C),lowtomediumprobeconcentration(0.5µg/ml)and
alongincubationtime(16h)fortheISH.SinceRNAprobes
easilyadheretomorethanjusttheircomplementaryRNA
(10),thesubsequenthighstringencywashesandRNase
treatmentwouldhavedeletedordecreasedthesenonspecific
associations.Anysingle-strandedRNAwasdegradedby
RNase,butthedouble-strandedRNA-RNAhybridswere
RNaseresistant(1),thusthehybridizationconditions,
posthybridizationwashesandRNasetreatmentcontributed
totheincreaseofsignalanddecreaseofbackgroundstaining
inthisstudy.
ForthedetectionofISHsignals,POD-labeledFab
fragmentsandanti-DIGantibodieswereused,whichcould
penetrateintothetissuesectionsmuchbetterthanthelarge
complexesofcompleteantibodiescoupledtoPOD.
Furthermore,owingtothecouplingofseveralFabfragments
tothesamehapten(digoxigenin),asignalamplificationwas
alsoachieved(1).
Inconclusion,theISHmethodreportedhereallowssensitive
andefficientdetectionofchickenIgGheavychainggene
expressioninparaffinsections.Specialattentionwaspaidto
theselectionofprobes,preparationandpretreatmentof
tissue sections, hybridization conditions, and
posthybridizationwashesinordertoachieveidealISH
results.
ACKNOWLEDGMENTS
ThisworkwassupportedbyaGrant-in-AidforScientific
Research(C),MinistryofEducation,SportsandScience,
Japan(No.12660257).
REFERENCES
1. BaumgartE,SchadA,GrabenbauerM.Insitu
hybridization:generalprinciplesandapplicationof
digoxigenin-labeledcRNAforthedetectionofmRNAs.
InImmunocytochemistryandInSituHybridizationin
theBiomedicalSciences.EdBeesleyJE.Boston,
Birkhauser;2001.p.108-137.
2. ZhengWM,YoshimuraY,TamuraT.Effectsofsexual
maturationandgonadalsteroidsonthelocalizationof
IgG-,IgM-andIgA-positivecellsinthechicken
oviduct.J.Reprod.Fertil.1997;111:277-284.
3. ZhengWM,IzakiJ,FurusawaS,YoshimuraY.
LocalizationofimmunoglobulinGg-chainmRNA-
expressingcellsintheoviductoflayingand
diethylstilbestrol-treatedimmaturehens.Gen.Comp.
Endocri.2000;120:345-352.
4. VanProoijen-KnegtAC,RaafAK,VanDerBurgeMJ,
VrolijkJ,VanDerPloegM.Spreadingandstainingof
humanmetaphasechromosomesonaminoalkyl-saline-
treatedglassslides.Histochem.J.1982;14:333-344.
5. ParvariR,AviviA,LentnerF,ZivE,Tel-OrS,Burstein
Y,SchechterI.Chickenimmunoglobulingamma-heavy
chains:limitedVHgenerepertoire,combinatorial
diversificationbyDgenesegmentsandevolutionofthe
heavychainlocus.EMBOJ1988;7:739-744.
6. BraissantO,WahliW.Asimplifiedinsituhybridization
protocolusingnon-radioactivelylabeledprobesto
detectabundantandraremRNAsontissuesections.
Biochemica1998;1:10-16.
7. ChevalierJ,YiJ,MichelO,TangXM.Biotinand
digoxigeninaslabelsforlightandelectronmicroscopy
insituhybridizationprobes:Wheredowestand?J.
Histochem.Cytochem.1997;45:481-491.Zhengetal. 5
BiologicalProceduresOnline·Vol.3No.1·May14,2001·www.biologicalprocedures.com
8. BaumgartE.Applicationofinsituhybridization,
cytochemicalandimmunocytochemicaltechniquesfor
theinvestigationofperoxisomes.Areviewincluding
noveldata.Histochem.CellBiol.1997;108:185-210.
9. SchadA,FahimiHD,VolklA,BaumgartE.
Nonradioactiveinsituhybridizationfordetectionof
mRNAs encoding for peroxisomal proteins:
Heterogeneous hepatic lobular distribution after
treatmentwithasingledoseofbezafibrate.J.
Histochem.Cytochem.1996;44:825-834.
10.AltarCA,RyanS,AboodM,EberwineJH.Insitu
hybridization: Standard procedures and novel
approaches.InMethodsinNeurosciences,Vol.1.Ed
ConnPM.SanDiego,AcademicPress;1989.p.238-
291.Zhengetal. 6
BiologicalProceduresOnline·Vol.3No.1·May14,2001·www.biologicalprocedures.com
PROTOCOL
1.Reagents
Allsolutionsshouldbepreparedwithdiethyl-pyrocarbonate(DEPC)-treateddoubledistilledH2O(ddH2O).Add0.1%(v/v)
DEPCintoddH2Oandletitstandfor3-4hwithshaking.TheninactivatetheDEPCbyautoclaving.
1. 20%paraformaldehyde(PFA):Dissolve20gPFAinabout50mlPBSat50-60°Cwithstirring.Addseveral
dropsof5NNaOHtodissolvePFAthoroughly,thenaddequalvolumeof5NHCl.FinallyaddPBStomakethe
volumeto100ml.Afterfiltration,storeat4°Cforusewithin30days.Dilutethestockto4%workingsolution
withPBSbeforeuse.
2. PBSbuffer:0.1MNaCl,0.01MNaH 2PO4,pH7.4.
3. TEbuffer:10mMTris,1mMEDTA,pH8.0.
4. 100×Denhart’ssolution:
Ficoll(type400,Pharmacia):2g
Polyvinylpyrolidone: 2g
Bovineserumalbumin: 2g
ddH2Oto 100ml
Filtratethrougha0.22µmsterilefilter.Storeat4°C.
5. Hybridizationbuffer
Stocks 1,000µlbuffer Finalconcentration
Puredeionizedformamide 500µl 50%
5MNaCl 120µl 0.6M
2MTris-HCl,pH7.4 5µl 10mM
0.5MEDTA,pH8.0 2µl 1mM
tRNA(10mg/ml) 20µl 200µg/ml
100×Denhart’s 10µl 1×
50%Dextransulfate 200µl 10%
20%SDS 10µl 0.2%
ddH2O 133µl
6. NTEbuffer:0.5MNaCl,10mMTris,1mMEDTA;pH8.0.
7. Buffer1:0.1MTris,0.15MNaCl;pH7.5.
8. Blockingreagent(BoehringerMannheimGmbH,Germany),preparedaccordingtothemanufacture’sdirection.
9. Anti-DIGantibody-conjugatedwithperoxidase(BoehringerMannheimGmbH,Germany).
10. Colordevelopmentsolution:
0.05MTris(pH7.6): 10ml
5%H2O2:10µl
2%DAB: 100µl(DAB:3,3’-diaminobenzidinetetrahydrochloride.)
2.Insituhybridizationprotocol
Unlessstatedotherwise,alltheoperationswereconductedat20°C.
1. Makeparaffinsectionsonsilane-coatedglassslide.Drythesectionsat40°Covernight.
Prehybridizationtreatment
2. Deparaffinizeandrehydrate:Purexylene:5min×3times;100%ethanol:5min×3times;90%,80%,70%and
50%ethanol:5mineach.PBS:10min.
3. ProteinaseKtreatment:2µg/mlinPBSfor15min.
4. IncubateinPBScontainingglycine(2mg/ml)for10min.
5. WashinPBS,3min×2times.
6. Acethylisebyhangingtheslideholderintoa500mlbeaker,intowhichadd400ml0.1Mtriethanolamine.Mix
thesolutionwithstirring.Add1mlaceticanhydratedropbydropin5min.Thencontinuestirringforanother15
min.
7. Washwith4×SSC,10min×2times.
Hybridization
8. Incubatethesectionswith50%deionizedformamide/2×SSC,150µl/section,at42°Cfor30mintoinhibitnon-
specificabsorptionofprobes.Zhengetal. 7
BiologicalProceduresOnline·Vol.3No.1·May14,2001·www.biologicalprocedures.com
9. Preparehybridizationbufferandincubateitat85°Cwaterbathfor10min,thencoolonice.Addprobes(0.5
µg/ml)intothebuffer,mixwell,incubatethemixtureat85°Cinawaterbathfor3mintodenaturetheprobes,
thencoolonice.
10. Add100µlprobesolutionfromabovesteponeachsectiontocoverthetissueproperly.Placethesectionsina
boxwettedwith50%formamide/2×SSCsolution.Covertheboxthoroughlytopreventdrying.
11. Incubateat42°Cfor16h.
Post-hybridizationwashing
12. Washthesectionsin50%formamide/2XSSCat42°C,20min×3times.
13. WashinNTEbufferat37°Cfor5min.
14. TreatthesectionswithRNaseAinNTEbuffer,20µg/ml,at37°Cfor30min.
15. WashinNTEbufferat37°Cfor5min.
16. Washin0.1×SSCat42°C,20min×3times.
Detectionofsignals
17. Equilibratethesectionsinbuffer1for1min.
18. Blockthesectionsinbuffer2(buffer1with5%blockingreagent)for30min.
19. Incubatethesectionsat4°Covernightwithsheepanti-DIG-antibodyconjugatedwithperoxidase,diluted1:100
withbuffer1containing1%blockingreagent.
20. Washthesectionsinbuffer1,15min×2times.
21. EquilibratethesectionsinPBSfor5min.
22. IncubatethesectionswithDABcolordevelopmentsolution.Checkthecolordevelopmentunderamicroscope.
Whenthebrownsignalisdenseandthebackgroundislow,stopthereactionbyimmersingthesectionsinto
runningwater.
23. Stainthebackgroundwithhaematoxylinbriefly,dehydratewithascendingethanol,clearwithxyleneandmount
asusual.